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Solid phase reactions in Fe thin films on epi-Si0.8Ge0.2, poly-Si0.7Ge0.3, a-Si0.8Ge0.2, and a-Si0.7Ge0.3 layers on silicon have been
investigated. The as-deposited samples were in situ annealed in the ultrahigh vacuum chamber at 400–800 jC for 30 min. The island structure
was found to cause the abrupt increase in the sheet resistance of the annealed Fe/SiGe samples at 700–800 jC. The formation of FeSi islands
containing a small amount of Ge is attributed to the preferential reactions of Fe with Si to Ge. As the annealing temperature was raised to 800 jC,
the Fe(Si1xGex) phase is the only phase found in the annealed Fe/epi-Si0.8Ge0.2 and Fe/poly-Si0.7Ge0.3 samples. On the other hand, at the
annealing temperature above 700 jC, the h-Fe(Si1xGex)2 phase was observed in the annealed Fe/a-Si0.8Ge0.2 and Fe/a-Si0.7Ge0.3 but the
Fe(Si1xGex) is still the dominant phase. The results indicate that the formation of Fe disilicide was retarded by the presence of Ge atoms.
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The semiconducting h-FeSi2 has been considered to be a
promising material for silicon based optoelectronic applica-
tions in recent years [1]. The h-FeSi2 has a direct band gap
of about 0.87 eV [2–5], with a corresponding wavelength of
1.5 Am, which lies in the window of maximum transmission
of the optical fibers. The growth of silicide layers on Si
substrates has been achieved by solid phase epitaxy (SPE),
reactive deposition epitaxy (RDE), molecular beam epitaxy
(MBE), ion beam synthesis (IBS), and ion beam assisted
deposition (IBAD) [6–13]. Fabrication of FeSi2 precipitates
in a silicon matrix has attracted much attention, owing to its
higher photoluminescence than continuous iron disilicide
layers. The IBS using Fe+ implantation to embed iron FeSi2
precipitates in a Si p–n junction [14] and the reactive MBE
processes [15] are the more common approaches for grow-
ing FeSi2 precipitates.
Recently, SiGe films have been implemented for appli-
cations in electronic and optoelectronic devices such as
modulation doped field effect transistors and heterojunction
bipolar transistors. The main attributes are its band gap and
lattice parameter can be modified by varying the Ge content0040-6090/$ - see front matter D 2004 Elsevier B.V. All rights reserved.
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widely used Si process technology. The interfacial reactions
between the metal (Ni, Co, and Ti) thin films and SiGe films
have been extensively investigated [16–18]. The growth of
h-FeSi2 on the Si0.93Ge0.07 layer by the RDE process has
also been reported [19]. The Fe-Si-Ge alloy phase exhibits
exciting direct optical absorption near 0.83 eV in the optical
transmission measurements, revealing a shift of the band
gap with regard to that of h-FeSi2. Since the atomic radius
of Ge is larger than that of Si, when some Ge atoms replace
some Si atoms in the h-FeSi2 lattice, a certain kind of lattice
distortion will take place. As a result, the band structure of
h-FeSi2 changes which leads to a shift of the band gap. On
the other hand, the investigation on influence of Ge content
on the growth of h-FeSi2 has been relatively scarce [19,20].
In the present study, an investigation on solid phase reac-
tions between Fe films and crystalline as well as amorphous
SiGe films with Ge concentrations ranging from 20% to
30% has been conducted.2. Experimental procedures
Four different SiGe films including epitaxial Si0.8Ge0.2
(epi-Si0.8Ge0.2), polycrystalline Si0.7Ge0.3 (poly-Si0.7Ge0.3),
amorphous Si0.7Ge0.3 (a-Si0.7Ge0.3) and amorphous
Fig. 2. GIXRD spectra of (a) Fe/epi-Si0.8Ge0.2, (b) Fe/poly-Si0.7Ge0.3, (c)
Fe/a-Si0.8Ge0.2 and (d) Fe/a-Si0.7Ge0.3 samples annealed at 600 jC.
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800-nm-thick epi-Si0.8Ge0.2 layer was deposited on the 200-
nm-thick low temperature Si/Si by ultra-high-vacuum CVD
(UHV-CVD) at 600 jC. The 150-nm-thick poly-Si0.7Ge0.3,
100-nm-thick a-Si0.7Ge0.3 and 150-nm-thick a-Si0.8Ge0.2
were deposited on thermally oxidized Si substrates by
low-pressure CVD (LPCVD) at 500, 450 and 500 jC,
respectively. The samples were cleaned by a standard
cleaning process. The acid solution was composed of
H2SO4/H2O2=5:3. The concentrations of acid solution need
to be carefully controlled to prevent the surface of the
substrates from serious pitting. The samples were then
dipped in a dilute HF solution (HF/H2O=1:50) before
loading into a UHV electron gun evaporation chamber. Fe
thin films (15-nm thick) were deposited onto these samples.
The vacuum during depositions was maintained to be about
5109 Torr. In order to minimize the possible contamina-
tion during the annealing, as-deposited samples were in situ
annealed in the UHV chamber at 400–800 jC for 30 min.
A four-point probe was used to measure the sheet resis-
tance. Grazing incidence X-ray diffractometry (GIXRD) was
carried out for phase identification with the incident angle of
the X-ray fixed at 0.5j. The structure morphology and phase
identification of the films were carried out by transmission
electron microscopy (TEM) using a JEOL 2010 TEM oper-
ating at 200 keV with a point-to-point resolution of 0.23 nm.3. Results and discussion
Fig. 1 shows the sheet resistance versus annealing
temperature curves for Fe on different SiGe thin films after
annealing at 400–800 jC. As the annealing temperature
was raised to 700 jC, the sheet resistance of the annealed
Fe/poly-Si0.7Ge0.3, Fe/a-Si0.8Ge0.2 and Fe/a-Si0.7Ge0.3 sam-
ples increased significantly to 182, 200 and 188 kV/sq,
respectively. However, no obvious change was found in the
sheet resistance of the annealed Fe/epi-Si0.8Ge0.2 samples.Fig. 1. Sheet resistance versus annealing temperature curves for Fe on
different SiGe thin films after annealing at 400–800 jC.After annealing at 800 jC, a more dramatic increase in sheet
resistance for all annealed samples was found. A recent
work showed similar trend in sheet resistance increase for
the Fe/Si system [21].
In samples annealed at 400–500 jC, Fe(Si1xGex) was
found to be the only germanosilicide phase formed. Fig. 2
shows the GIXRD spectra of various samples annealed at
600 jC. The Fe(Si1xGex) was found to be the only
germanosilicide phase present for all annealed samples at
600 jC with (110), (111), (210) and (211) diffraction
peaks. After annealing at 700 jC, h-Fe(Si1-xGex)2 (220)
peak was found in annealed Fe/a-Si0.8Ge0.2 and Fe/a-
Si0.7Ge0.3 samples, but the Fe(Si1xGex) is still the dom-
inant phase. On the other hand, the h-Fe(Si1xGex)2 phase
was not found in annealed Fe/epi-Si0.8Ge0.2 and Fe/poly-
Si0.7Ge0.3 samples. The GIXRD spectra are shown in Fig.
3. Similar results were observed in annealed samples at
800 jC. The formation temperature of the h-Fe(Si1xGex)2
phase was lowered by 200 jC compared to Fe/epi-
Si0.8Ge0.2 and Fe/poly-Si0.7Ge0.3 samples in the annealed
Fe/a-Si0.8Ge0.2 and Fe/a-Si0.7Ge0.3 samples. In other words,Fig. 3. GIXRD spectra of (a) Fe/epi-Si0.8Ge0.2, (b) Fe/poly-Si0.7Ge0.3, (c)
Fe/a-Si0.8Ge0.2 and (d) Fe/a-Si0.7Ge0.3 samples annealed at 700 jC.
Fig. 4. XTEM images of (a) Fe/epi-Si0.8Ge0.2, (b) Fe/poly-Si0.7Ge0.3, (c) Fe/a-Si0.8Ge0.2 and (d) Fe/a-Si0.7Ge0.3 samples annealed at 600 jC.
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800 jC annealed Fe/SiGe samples. In a previous study
[21], the transformation from FeSi to h-FeSi2 was found toFig. 5. XTEM images of (a) Fe/epi-Si0.8Ge0.2, (b) Fe/poly-Si0.7Ge0.3, (c)begin at 600 jC and complete at 700 jC for the annealed
Fe/Si samples. The presence of Ge atoms apparently
retards the formation of h-FeSi2 phase.Fe/a-Si0.8Ge0.2 and (d) Fe/a-Si0.7Ge0.3 samples annealed at 800 jC.
Table 1
Atomic compositions determined by TEM/EDS at the spots marked in Fig.
5(b)
[Fig. 5(b)]
Position Si (at.%) Ge (at.%) Fe (at.%)
1 47.7 1.6 50.7
2 46.7 0.8 52.5
3 47.1 1.4 51.5
4 63.5 36.5 0
5 62.5 37.5 0
6 63.2 36.8 0
7 62.6 37.4 0
C.H. Yu et al. / Thin Solid Films 461 (2004) 81–8584Fig. 4 shows the cross-sectional TEM (XTEM) images of
various samples annealed at 600 jC. A continuous Fe
germanosilicide layer was found at the top of all annealed
samples. At 700 jC, Fe germanosilicide islands were
observed in annealed Fe/poly-Si0.7Ge0.3, Fe/a-Si0.8Ge0.2,
and Fe/a-Si0.7Ge0.3 samples. The results are correlated well
with the abrupt increase in sheet resistance at 700 jC. After
annealing at 800 jC, island formation became more severe
in all annealed samples as shown in Fig. 5. The island
structure apparently caused the increase in sheet resistance
in all annealed samples. The TEM/EDS composition anal-
ysis was employed to determine the atomic compositions of
Fe germanosilicide grains and the other regions. For the
annealed Fe/poly-Si0.7Ge0.3 samples, Fe germanosilicide
islands contain only a small amount of Ge. Table 1 listsFig. 6. Plain-view images and diffraction patterns of (a) Fe/epi-Si0.8Ge0.2, (b) Fe/po
800 jC.the compositions corresponding to various spots shown in
Fig. 5(b). Similar results were found in the other annealed
samples. The results indicate that the Ge atoms diffused out
from the Fe germanosilicide at higher annealing tempera-
ture. Similar phenomena of germanosilicide agglomeration
and enrichment of SiGe have also been found for interac-
tions of metal thin films with SiGe [16,22,23]. It is attrib-
uted to the tendency of metal atoms to react preferentially
with Si. As a result, the outdiffusion of Ge atoms from Fe
germanosilicide grains causes the islands to contain only a
small amount of Ge.
Plain-view TEM images and diffraction pattern (DP)
analysis of various samples annealed at 600 jC indicate
that the Fe(Si1xGex) phase is the only phase in all annealed
Fe/SiGe samples. The (220) peak of h-Fe(Si1xGex)2 phase
was observed to be in the annealed Fe/a-Si0.8Ge0.2 and Fe/a-
Si0.7Ge0.3 samples but not found in annealed Fe/epi-
Si0.8Ge0.2 and Fe/poly-Si0.7Ge0.3 samples at 800 jC. The
results are in good agreement with the GIXRD analysis.
After annealing at 800 jC, the Fe(Si1xGex) islands were
observed in all annealed Fe/SiGe samples (as shown in Fig.
6). The average grain sizes of Fe(Si1xGex) in annealed Fe/
epi-Si0.8Ge0.2, Fe/poly-Si0.7Ge0.3, Fe/a-Si0.8Ge0.2, and Fe/a-
Si0.7Ge0.3 samples were measured to be 380, 570, 150, and
125 nm, respectively. The results are consistent with the
previous finding that the smaller silicide grains were found
in the reaction of metal thin films with a-Si substrate than
that with crystalline Si substrate [24].ly-Si0.7Ge0.3, (c) Fe/a-Si0.8Ge0.2 and (d) Fe/a-Si0.7Ge0.3 samples annealed at
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Solid phase reactions in Fe thin films on epi-Si0.8Ge0.2,
poly-Si0.7Ge0.3, a-Si0.8Ge0.2, and a-Si0.7Ge0.3 at 400–800
jC have been investigated by sheet resistance measure-
ments, GIXRD, and TEM analysis. Islands were found to
form in all samples annealed at 800 jC. The formation of
island structure resulted in the abrupt increase of sheet
resistance for the annealed Fe/SiGe samples at high
annealing temperature. The formation temperature of h-
Fe(Si1xGex)2 phase for the annealed Fe/a-Si0.8Ge0.2 and
Fe/a-Si0.7Ge0.3 samples was lowered by about 200 jC as
compared with the annealed Fe/epi-Si0.8Ge0.2 and Fe/poly-
Si0.7Ge0.3 samples. The Fe(Si1xGex) is the only phase for
the annealed Fe/epi-Si0.8Ge0.2 and Fe/poly-Si0.7Ge0.3 sam-
ples after annealing at 800 jC. Compared to the Fe/Si
interaction, the transformation of h-Fe(Si1xGex)2 from
Fe(Si1xGex) was blocked by the presence of Ge in
Fe(Si1xGex).Acknowledgements
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